Haemophagocytic syndrome (HPS) is a rare and potentially lethal condition characterized by pancytopoenia, fever, organomegaly and widespread proliferation of macrophages phagocytosing blood elements. Among the triggers of this syndrome, excessive immunosuppression in a context of acute rejection has been rarely reported, although it might be underdiagnosed. Here, we report the case of a kidney transplant recipient with allograft dysfunction due to chronic antibodymediated rejection treated with antithymocyte globulin and plasmapheresis. The patient developed high fever, pancytopoenia, diarrhoea and respiratory symptoms with no apparent infectious or neoplastic cause, despite an extensive work-up. Haemophagocytosis was found in bone marrow examination, along with hyperferritinaemia and hypertriglyceridaemia. The clinical profile improved after treatment with intravenous immunoglobulin and reduction of the basal immunosuppression.
Background
Haemophagocytic syndrome (HPS), also known as macrophage activation syndrome, is associated with uncontrolled and ineffective immune activation, leading to cell damage and multiple organ dysfunction as well as excessive activation of macrophages. The activated macrophages then transform into histiocytes that phagocytose erythrocytes, leukocytes, platelets and their precursor cells, leading to various degrees of cytopoenia, hepatosplenomegaly and lymphadenopathy [1] . Cases of HPS can occur in patients with hereditary immune dysfunction, infections, malignancies or autoimmune diseases. There is also a familial form of HPS [2] [3] [4] [5] [6] [7] . A diagnosis of HPS can be made if at least five of the following criteria are met: fever; hepatosplenomegaly; haemophagocytosis; cytopoenia in at least two cell lines; a markedly elevated ferritin level; high triglycerides or a low fibrinogen level; high levels of soluble interleukin 2 receptor/CD25 and little or no natural killer (NK) cell activity. In most suspected cases, the diagnosis can be confirmed through a bone marrow biopsy showing haemophagocytosis of red blood cells and other precursor cells [1, 8] .
Although there have been reports of HPS associated with excessive immunosuppression, few of those cases were directly associated with acute rejection [4, 9, 10] .
Herein, we report a case of a renal transplant recipient with allograft dysfunction due to chronic antibodymediated rejection, which developed HPS after treatment with antithymocyte globulin (ATG) and plasmapheresis 8 years following transplantation.
Case report
A 34-year-old white male with a primary diagnosis of focal segmental glomerulosclerosis had undergone kidney transplantation from a one-haplotype-matched living-related donor 8 years previously and was on triple immunosuppression consisting of prednisone, cyclosporine and mycophenolate mofetil (MMF), with stable graft function. His baseline serum creatinine (SCr) was 123.76 µmol/L (normal range 61.88-106.8). During the 6-month follow-up period, he presented with an increase in SCr (from 123.76 to 371.28 µmol/L). He was then subjected to a renal biopsy, which showed chronic antibody-mediated rejection (diffuse C4d staining in peritubular capillaries), probably due to non-compliance with immunosuppression. Class I and II panel reactive antibody levels were 0 and 97%, respectively, and human leukocyte antigen class-II donor-specific antibody was detected by singleantigen bead assay (Luminex; One Lambda Inc., Canoga Park, CA). After hospital admission, ATG was started (cumulative dose 6 mg/kg) with plasmapheresis (six sessions). He was discharged 7 days later after a reduction in SCr (to 334.76 µmol/L). One month later, he sought treatment with a 1-week history of fever, diarrhoea, anorexia, odynophagia, cough and dyspnoea. On physical examination, his blood pressure was 170/100 mmHg and the body temperature 38°C. The patient was alert and oriented. No rash or jaundice was noted, nor were there any signs of hepatosplenomegaly or lymphadenopathy. A chest X-ray and abdominal ultrasound revealed no abnormalities. The patient was readmitted for diagnostic evaluation. Laboratory tests at admission showed pancytopoenia, high serum ferritin, elevated fasting triglyceride and worsening of graft function (Table 1) .
Because the patient presented with febrile neutropaenia, MMF was discontinued and he was started on broadspectrum antibiotics and recombinant human granulocyte colony-stimulating factor (Granulokine®; Hoffmann-La Roche, Basel, Switzerland). Multiple blood and urine cultures were negative for bacteria and fungi. Further aetiological inquiry was negative for numerous pathogens: he had tested negative on serologic tests for human immunodeficiency virus, hepatitis B and C, Chagas disease, syphilis, human T-lymphotropic virus; polymerase chain reaction was negative for cytomegalovirus, herpes simplex virus, varicella-zoster virus, Epstein-Barr virus, parvovirus, adenovirus and BK polyomavirus; screenings for mycobacteria, Pneumocystis spp. and helminths were negative. Analysis of bone marrow aspirate revealed activated macrophages phagocytosing immature red blood cells, suggestive of haemophagocytosis ( Figure 1 ).
Subsequently, we administered high-dose intravenous human immunoglobulin (IVIg, 400 mg/kg daily for five days) and increased the dose of prednisone (from 7.5 to 20 mg/day). The overall health status of the patient gradually improved and fever disappeared, even without antibiotics. Laboratory tests after 2 weeks of treatment with IVIg showed recovery from the cytopoenia, decreased serum ferritin, lower triglyceride levels and improve allograft function ( Table 1 ). The immunosuppressive regimen was restarted with tacrolimus instead of cyclosporine.
Discussion
Potentially life-threatening multiple organ failure is common in HPS. Kidney transplant recipients are at risk of developing HPS as a result of their immunocompromised state [4, 11] . In the first description of reactive, infection-associated HPS (by Risdall et al. in 1979), 13 of the 19 affected individuals had undergone kidney transplantation [12] .
The clinical presentation of HPS is non-specific, making it difficult to differentiate between HPS and severe sepsis. High-grade fever and constitutional symptoms are constant; lymphadenopathy, lung infiltration and skin rash might also be present. Central nervous system involvement, including encephalopathy, seizures and meningitis, is seen in approximately half of HPS patients. The most consistent laboratory finding is pancytopoenia. Hyperferritinaemia, typically associated with HPS, is also pronounced in other inflammatory states [1, 4, 8, 13] . Our patient presented fever, pancytopoenia, hypertriglyceridaemia, hyperferritinaemia and haemophagocytosis, which collectively allowed us to establish the diagnosis.
The pathogenesis of post-transplant HPS is comparable with that hypothesized for non-transplant patients. The high production of tumour necrosis factor-α and interferon-γ associated with impairment of CD8+ T lymphocyte and NK cell cytotoxicity can render the immune system incapable of controlling a trigger infectious agent. Lack of cytotoxicity might explain the excessive activity of Th1 and increased cytokine production, which explains the overwhelming inflammatory state observed during HPS. The unbalanced macrophage proliferation causing organ infiltration explains the hepatosplenomegaly, lymphadenopathy and bone marrow suppression. Cytokine inhibition of lipoprotein lipase is considered to be the cause of elevated fasting triglyceride levels [1, 14, 15] .
In most cases, post-transplant HPS is triggered by an opportunistic infection following intensive immunosuppression. Many patients who develop HPS have received lymphocyte-depleting antibodies as induction therapy or have had their immunosuppression therapy ramped up because of rejection [9, 12] . In the largest sample evaluated to date, Karras et al. described 17 cases among 4230 kidney transplant recipients, an estimated prevalence of 0.4% [9] . The HPS tended to occur during the initial posttransplant period in highly immunosuppressed patients. Fourteen of those patients had received lymphocytedepleting antibodies and seven had been treated for acute rejection in the previous 2 months. Infectious or neoplastic disease was identified in 15 patients: most cases (9 of the 17) were associated with viral infections (cytomegalovirus; adenovirus; Epstein-Barr virus; human herpes viruses 6 and 8; parvovirus, hepatitis C; and BK polyomavirus). Bacterial infections (tuberculosis and Bartonella henselae), other opportunistic infections (toxoplasmosis and Pneumocystis jirovecii) or lymphoproliferative diseases were encountered IVIg, intravenous human immunoglobulin. Rejection-triggered haemophagocytic syndrome in renal 531 in seven patients [9] . However, in a number of cases reported in the literature (∼20%) the cause of HPS was not identified [1] [2] [3] 11] . Despite the extensive work-up performed in the case reported here, we were unable to identify any triggering infectious agent or malignancy. In addition, empirical treatment against infection was ineffective. However, the overall health status of the patient gradually improved after the administration of high-dose IVIg and increase in steroid dosage. We hypothesize that HPS could be triggered directly by allograft rejection and the associated ramping up of immunosuppression therapy, especially when lymphocyte-depleting antibodies are employed.
Haemophagocytosis is sometimes observed in association with autoimmune diseases in the absence of any triggering factor, suggesting that the disease itself or its immunosuppression therapy can directly cause HPS. Raffray et al. [10] proposed that MMF is a cause of HPS after kidney transplantation. In the case described no infectious agent or malignancy was identified: MMF was discontinued and a dramatic improvement was observed. Another such case was described in a recipient of an ABOincompatible kidney transplant with acute rejection [16] .
The prognosis of post-transplant HPS is poor. In the cohort evaluated by Karras et al., 8 (47%) of the 17 patients died and 4 of the 9 survivors lost the allograft. The authors found that aetiology of HPS was not predictive of the outcome. The risk of death was significantly associated with organomegaly, elevated aminotransferase levels, abnormal prothrombin time and thrombocytopaenia [9] .
There is as yet no consensus regarding the preferred treatment of post-transplant HPS. Efforts should be made to promptly recognize and treat the aetiological agent. The use of IVIg might be beneficial. Asci et al. [17] evaluated 13 patients with post-transplant HPS and reported that the 6 who recovered had all been treated with IVIg. A reasonable management strategy might be to minimize the administration of immunosuppressive drugs while giving high-dose steroids. Corticosteroids at high doses can protect against allograft rejection, reducing macrophage activation, as well as inhibiting cytokine production [18] . Karras et al. [9] found that steroid doses at diagnosis of HPS were significantly higher in survivors than in non-survivors. On the other hand, cyclosporine and thymoglobulin have been recommended in the treatment of HPS in non-transplant patients, like in hereditary forms of HPS [19] .
In conclusion, reactive HPS is a rare complication after kidney transplantation and should be suspected when fever and organomegaly are accompanied by pancytopoenia in highly immunosuppressed patients. Bone marrow analysis is the most conclusive test for a positive diagnosis. Due to its rarity, it is difficult to determine whether HPS is caused by immunosuppression alone or if therapy favours the emergence of infectious or neoplastic processes that lead to HPS. Although other underlying causes cannot be ruled out, our findings indicate that the intensity of the immunosuppression therapy induces HPS directly.
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